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Abstract: The new category of MiT family translocation renal cell carcinoma has been included into
the World Health Organization (WHO) classification in 2016. The MiT family translocation renal
cell carcinoma comprises Xp11 translocation renal cell carcinoma harboring TFE3 gene fusions and
t(6;11) renal cell carcinoma harboring TFEB gene fusion. At the beginning, they were recognized in
childhood; nevertheless, it has been demonstrated that these neoplasms can occur in adults as well.
In the nineties, among Xp11 renal cell carcinoma, ASPL, PRCC, and SFPQ (PSF) were the first genes
recognized as partners in TFE3 rearrangement. Recently, many other genes have been identified,
and a wide spectrum of morphologies has been described. For this reason, the diagnosis may be
challenging based on the histology, and the differential diagnosis includes the most common renal cell
neoplasms and pure epithelioid PEComa/epithelioid angiomyolipoma of the kidney. During the last
decades, many efforts have been made to identify immunohistochemical markers to reach the right
diagnosis. To date, staining for PAX8, cathepsin K, and melanogenesis markers are the most useful
identifiers. However, the diagnosis requires the demonstration of the chromosomal rearrangement,
and fluorescent in situ hybridization (FISH) is considered the gold standard. The outcome of Xp11
translocation renal cell carcinoma is highly variable, with some patients surviving decades with
indolent disease and others dying rapidly of progressive disease. Despite most instances of t(6;11)
renal cell carcinoma having an indolent clinical course, a few published cases demonstrate aggressive
behavior. Recently, renal cell carcinomas with TFEB amplification have been described in connection
with t(6;11) renal cell carcinoma. Those tumors appear to be associated with a more aggressive clinical
course. For the aggressive cases of MiT family translocation carcinoma, the optimal therapy remains
to be determined; however, new target therapies seem to be promising, and the search for predictive
markers is mandatory.
Keywords: MiT family translocation renal cell carcinoma; Xp11 translocation renal cell carcinoma;
t(6;11) translocation renal cell carcinoma; FISH; TFE3; TFEB; TFEB-amplified renal cell carcinoma
1. Xp11 Translocation Renal Cell Carcinoma
Xp11 translocation renal cell carcinoma is a distinctive subtype of renal cell carcinoma, characterized
by several chromosomal translocations involving the TFE3 gene, located on chromosome Xp11.2.
In these tumors, the TFE3 transcription factor gene is fused by translocation to one of several other
genes [1–9]:
• t(X;1) (p11.2;q21.2) gene PRCC
• t(X;17) (p11.2;q25) gene ASPL (ASPSCR1)
• t(X;1) (p11.2;p34) gene SFPQ (PSF)
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• t(X;17) (p11.2;q23) gene CLTC
• t(X;3) (p11.2;q21) gene PARP14
• t(X;10) (11.2;q23) unknown gene
• t(X;17) (p11.2;q21.33) gene LUC7L3
• t(X;19) (p11.2;q13.3) gene KHSRP
• t(X;17) (p11.2;p13) gene DVL2
• t(X;22) (p11.2;q11.21) gene MED15
• t(X;6) (p11.2;q25.3) gene ARIDB
• t(X;5) (p11.2;q31.2) gene MATR3
• t(X;1) (p11.2;p31.1) gene FUBP1
• t(X;11) (p11.2;q13.1) gene NEAT1
• t(X;10) (p11.2;q22.2) gene KAT6B
• inv (X) (p11.2;q12) gene NONO (p54nrb)
• inv(X) (p11.2;p11.3) gene RBM10
• inv(X) (p11.23;p11.23) il gene GRIPAP1
The three most common Xp11 translocation renal cell carcinomas are those bearing the t(X;1)
(p11.2;q21) which fuses the PRCC and TFE3 genes, the t(X;17) (p11.2;q25) which fuses the ASPL and
TFE3 genes, and the t(X;1) (p11.2;p34) which fuses the SFPQ (PSF) and TFE3 genes [10]. Interestingly,
t(X;17) renal cell carcinoma or alveolar soft part sarcoma harbor the same ASPL-TFE3 fusion gene [11].
However, the translocation is balanced in t(X;17) renal cell carcinoma and unbalanced in alveolar soft
part sarcoma, which presumably explains the clinical and morphological differences. The function
of chimeric TFE3 fusion proteins can also vary, which may explain the different histological features
observed in this tumor entity of renal cell carcinoma.
1.1. Clinical Features
Xp11 translocation renal cell carcinoma comprises 20–75% of renal cell carcinomas in childhood [12]
and 1–4% of adult renal cell carcinomas (calculated excluding patients younger than 18 years old) with
an average age of onset of 40 years (Figure 1). The incidence of Xp11 translocation renal cell carcinoma
in adults may be underestimated, likely for the morphological overlap with more common adult
renal cell carcinoma subtypes, such as clear cell and papillary renal cell carcinoma. Considering an
overall of 403 genetically confirmed Xp11 translocation renal cell carcinomas described in the literature,
there is a slight female predominance (F:M ratio, 1.6:1). Clinically, there are no particular features
typically presented. As other renal cell carcinomas, roughly one-third of all tumors are asymptomatic,
often accidentally discovered. Prior exposure to cytotoxic chemotherapy has been reported as a risk
factor [13].
Figure 1. Cont.
Cancers 2019, 11, 1110 3 of 12
Figure 1. A chart showing the incidence (number of patients with tumors divided by the number of
patients in the age group) of Xp11 translocation renal cell carcinomas (A) and t(6;11) renal cell carcinoma
(C) at different ages. A chart showing the clinical behavior of Xp11 translocation renal cell carcinomas
(B) and t(6;11) renal cell carcinoma (D) at different ages.
1.2. Pathologic Features
1.2.1. Gross Findings
They usually present as solitary cortical masses characterized by tan-yellow cut surfaces with foci
of hemorrhage and necrosis and occasionally focal cystic degeneration. Although there is no specific
macroscopic appearance of Xp11 translocation renal cell carcinoma, they do not share the macroscopic
features of clear cell renal cell carcinoma.
1.2.2. Microscopic Features
Histologically, Xp11 translocation renal cell carcinomas are characterized by heterogeneous
architectural and cytologic features, mimicking almost all subtypes of renal cell carcinoma [10,14].
The most distinctive morphologic pattern is the presence of a papillary architecture composed of
epithelioid clear cells. However, different architectures have been reported, such as solid, nested,
trabecular, and microcystic pattern. More frequently, tumor cells demonstrate voluminous clear to
eosinophilic cytoplasm (Figure 2). The nuclei may show variability in size and are generally large
with a prominent eosinophilic nucleolus (typically G3 by ISUP/WHO 2016) [1]. Psammoma bodies are
often present.
1.2.3. Immunohistochemical Features and Fluorescent in Situ Hybridization (FISH) Analysis
Like other subtypes of renal cell carcinoma, Xp11 translocation renal cell carcinomas are
positive for PAX8. Vimentin and cytokeratin 7 (CK7) are typically negative. Staining for CD10
and alpha-methylacyl-CoA racemase (AMACR) is generally reported. In one-third of all cases,
Xp11 translocation renal cell carcinoma focally express melanogenic markers such as Melan-A and
HMB45. Staining for cathepsin K is observed in a subset of Xp11 translocation renal cell carcinomas
(approximately 50%) (Figure 2). Interestingly, PRCC-TFE3 renal cell carcinoma is labelled more
frequently for cathepsin K than ASPL-TFE3 renal cell carcinoma [15,16]. TFE3 immunostaining,
initially considered as the most sensitive and specific marker, should be cautiously used due to the not
infrequent false-positive and false-negative results [17]. For this reason, the identification of the TFE3
rearrangement by FISH assays on formalin-fixed and paraffin-embedded tissue sections is currently
the gold standard to reach the correct diagnosis [17–19]. Of course, a reliable interpretation requires
a univocal cut-off. However, different thresholds have been used to demonstrate the occurrence
of translocation. A positive result was considered when >10%, >15%, or >20% of the neoplastic
nuclei showed split signals. Nevertheless, an extensive review of previously reported cases of Xp11
translocation renal cell carcinoma in which it has been reported that the frequency of split signals in
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each case showed a high frequency of split signals (>40%). It is important to keep in mind that the FISH
assay is unable to detect subtle TFE3 gene inversions, such as those that result in the RBM10-TFE3 gene
fusion [20]. In the experience of the authors, minimally split fluorescent signals in which fluorescent
signals were separated by a signal diameter or less were observed in few cases [21]. Recently, it has
been argued whether TFE3 gene rearrangement is the key event in tumorigenesis [22–24]. In our
practice, the fraction of cells showing the translocation is commonly high, supporting the idea that it is
the main driver event in tumorigenesis.
Figure 2. Different morphologies of Xp11 translocation renal cell carcinomas: resembling a clear
cell renal cell carcinoma (Magnification: 200×) (A), showing a papillary (Magnification: 25×) (C) or
cystic (Magnification: 100×) (E) pattern. An example of strong and diffuse expression of cathepsin K
(Magnification: 200×) (B), the nuclear positivity of PAX8 (Magnification: 25×) (D), and the demonstration
of TFE3 gene rearrangement by FISH (Magnification: 1000×) (F).
1.3. Differential Diagnosis
Due to the wide spectrum of morphologies observed in Xp11 translocation renal cell carcinomas,
the differential diagnosis is challenging, and it is important to consider these carcinomas in all unusual
renal cell carcinomas occurring, especially in children and young adults [1]. Several neoplasms
can be confused with Xp11 translocation renal cell carcinoma, mainly clear cell and papillary renal
cell carcinomas. In this setting, cathepsin K is the most reliable immunohistochemical marker.
Of note, as previously stated, immunolabelling for cathepsin K is observed in roughly half of all Xp11
translocation renal cell carcinomas. Other immunohistochemical markers may be helpful based on
the differential diagnosis. CD10 is expressed in almost all Xp11 translocation renal cell carcinomas
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in analogy to clear cell renal cell carcinomas. However, carbonic anhydrase IX is usually negative or
only focally present in Xp11 translocation renal cell carcinomas and positive in clear cell renal cell
carcinomas, suggesting the usefulness of this marker in this particular differential diagnosis. On the
other hand, AMACR (Alpha-methylacyl-CoA racemase) is frequently positive in Xp11 translocation
renal cell carcinomas, as well as in papillary renal cell carcinomas, but CK7 is typically negative in Xp11
translocation renal cell carcinomas and positive in papillary renal cell carcinomas. Clear cell papillary
renal cell carcinomas may be another tricky differential diagnosis [25]. Those tumors usually label for
CK7 and GATA3, both not expressed in Xp11 translocation renal cell carcinomas. Finally, it is important
to remember less frequent tumors, such as pure epithelioid PEComa/epithelioid angiomyolipoma.
In those cases, PAX8 and CD68 (PG-M1) are extremely useful (see differential diagnosis of t(6;11) renal
cell carcinomas).
1.4. Prognosis and Treatment
The outcome of Xp11 translocation renal cell carcinoma is highly variable, from indolent to rapidly
aggressive behavior [12,26,27]. Overall, Xp11 translocation renal cell carcinoma has a worse prognosis
than papillary renal cell carcinoma and there is a similar prognosis for clear cell renal cell carcinoma [28].
Although several studies have claimed that Xp11 translocation renal cell carcinomas in children have a
relatively indolent course, the review of the literature (Figure 1) shows a high percentage of aggressive
cases in young adults. Among Xp11 translocation renal cell carcinoma, patients with ASPL-TFE3 fusion
seem to have a worse prognosis and more frequently lymph node metastasis, but it is still unclear
whether the fusion partner plays a prognostic role [28,29]. Considering an overall 403 genetically
confirmed Xp11 translocation renal cell carcinomas described in the literature, 47% of cases (91 of
194 tumors with available follow up) behaved aggressively. When aggressive and non-aggressive cases
are compared, we observe that recurrences or metastases occurred within 24 months from the surgery.
It is worth noting that sarcomatoid or rhabdoid de-differentiation have never been reported. There is
no statistical difference of age between aggressive and non-aggressive cases. As expected, a larger
tumor size (p < 0.0001) correlates with aggressive behavior. Interestingly, the presence of necrosis,
but not nucleolar grade, correlates with aggressiveness, the same prognostic characteristics reported in
chromophobe renal cell carcinoma.
With regard to the treatment, the optimal therapy for MiT family translocation renal cell carcinoma
remains to be determined. For localized tumors, including patients with positive regional lymph
nodes, surgery is the treatment of choice. For patients with hematogenous metastases, several attempts
of therapy have been tried based on the treatment of clear cell renal cell carcinoma. Therapies targeting
vascular endothelial growth factor receptor, immunotherapy, mTOR inhibitors, and target therapies
for the MET signaling pathway are possible options [30–34]. Unfortunately, to date there is no data
regarding predictive markers to choose the best therapy for an individual patient. In the past few years,
the efficacy of Cabozantinib, a tyrosine kinase inhibitor with activity against c-MET, AXL, and vascular
endothelial growth factor receptor 2, has been proven for the treatment of metastatic clear cell renal cell
carcinomas [35,36] and recently for non-clear cell histologies [37]. Moreover, whole genome DNA and
RNA sequencing studies have recently been reported on a small number of cases [10,38], providing the
activity of other pathways which may present other potential targets for novel therapies [38].
2. t(6;11) Renal Cell Carcinoma
t(6;11) renal cell carcinoma is an extremely rare variant and accounts for 0.02% of all renal
carcinomas. Although the initial description was in children [39], t(6,11) renal cell carcinoma may
occur in adults. The t(6;11) translocation fuses the gene for TFEB, located on chromosome 6, with
Alpha (MALAT1), a gene of unknown function, resulting in overexpression of TFEB.
Cancers 2019, 11, 1110 6 of 12
2.1. Clinical Features
The t(6;11) renal cell carcinomas are less common than the Xp11 renal cell carcinomas;
approximately 60 cases are documented in the literature, the majority of which in children and
adolescents. However, it has been demonstrated that these neoplasms can occur in adults as well.
The mean age of presentation is 34 years (Figure 1), with a wide reported range of 3–77 years.
Conversely to Xp11 translocation renal cell carcinomas, in t(6;11) renal cell carcinoma there is no
gender predominance (F:M ratio, 0.75:1). The tumor is usually an incidental finding. Similar to
Xp11 translocation renal cell carcinoma, a subset of cases has occurred in patients who have received
cytotoxic chemotherapy for other reasons.
2.2. Pathologic Features
2.2.1. Gross Findings
As Xp11 translocation renal cell carcinoma, t(6;11) renal cell carcinoma does not have a distinctive
gross appearance.
2.2.2. Microscopic Features
Histologically, t(6;11) renal cell carcinoma has been classically characterized by a distinctive
biphasic morphology with larger epithelioid cells and smaller cells clustered around eosinophilic
spheres formed by basement membrane material (Figure 3) [1,40]. However, several reports have shown
a broad range of morphology in molecularly confirmed t(6;11) renal cell carcinomas [41]. Papillary
and tubulocystic architectures, clear cell and oncocytoma-like features, and diffuse hyalinization with
thick-walled blood vessels are some of the unusual pathological features described [1]. The cells
typically show nucleolar grade G2 and G3 by ISUP/WHO 2016 [42].
Figure 3. The most common morphology of t(6;11) renal cell carcinoma with larger epithelioid cells
and smaller cells clustered around eosinophilic spheres formed by basement membrane material
(A, Magnification: 25×; B, Magnification: 200×). Almost all cases are positive for cathepsin K
(Magnification: 200×) (C) and HMB45 (Magnification: 200×) (D).
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2.2.3. Immunohistochemical Features and FISH Analysis
Immunohistochemically, most t(6;11) renal cell carcinomas express PAX8, supporting renal tubular
differentiation and melanogenesis markers, such as HMB-45 and Melan-A. Cathepsin K is overexpressed
in almost all t(6;11) renal cell carcinomas [43,44]. Staining for TFEB was considered highly sensitive and
specific for this tumor. However, the results can be inconsistent among laboratories, mainly because of
technical factors such as fixation time and differences in the methods of antigen retrieval. Like Xp11
translocation renal cell carcinomas, the identification of the rearrangement by FISH analysis is the gold
standard for the diagnosis [45]. As previously discussed for Xp11 translocation renal cell carcinomas, it is
of paramount importance to define a proper cut-off to establish the occurrence of TFEB rearrangement,
even in t(6;11) renal cell carcinoma, when the frequency of split signals is high (>38%). Although less
frequently than in Xp11 translocation renal cell carcinoma, we observed minimally split fluorescent signals.
2.3. Differential Diagnosis
The wide spectrum of morphology results in several differential diagnoses including Xp11
translocation renal cell carcinoma, pure epithelioid PEComa/epithelioid angiomyolipoma, and other
more common types of renal cell carcinoma [46–48]. Among them, pure epithelioid PEComa/epithelioid
angiomyolipoma is the most challenging diagnosis in clinical practice [42]. Indeed, the two entities
share the immunohistochemical expression of melanogenesis markers and cathepsin K, and both are
often negative for cytokeratin. PAX8 immunoreactivity and CD68 (PG-M1) negativity supports the
diagnosis of t(6;11) renal cell carcinoma, whereas pure epithelioid PEComa/epithelioid angiomyolipoma
is PAX8 negative and CD68 (PG-M1) positive [42].
2.4. Prognosis and Treatment
Most instances of t(6;11) renal cell carcinoma have an indolent clinical course. An aggressive
behavior is observed in roughly 17% of the cases (11 of 64 tumors with available follow up). Larger
masses (p = 0.04) and older patients (p = 0.007) seem to be parameters correlated with aggressiveness.
It should be noted that hematogenous metastases seem to be more common than nodal metastases.
To date, there are no well-established prognostic markers to predict the biological behavior. However,
it is possible that an increase in the copy number of the TFEB gene region in t(6;11) renal cell carcinoma
may predict an aggressive clinical course [42,49]. The radical surgery remains the best therapeutic
strategy. Because of the rarity of this tumor, no information regarding neoadjuvant or adjuvant
therapies are available. Since these neoplasms have demonstrated the capacity to recur, follow-up
examinations are important for these patients.
3. Renal Cell Carcinoma with TFEB Amplification
More recently, renal cell carcinomas with TFEB amplification have been described and appear
to be associated with a poor outcome [50–55]. TFEB amplification in renal cell carcinoma
can occur independently of or in association with TFEB rearrangement [50,55]. TFEB gene
rearrangement or amplification increases TFEB expression which causes the subsequent expression
of immunohistochemical markers such as cathepsin K, Melan-A, and HMB45 [43]. Nevertheless,
TFEB-amplified renal cell carcinomas are different from t(6;11) renal cell carcinomas [50]. First, they
typically occur in older patients (mean 65 years) compared to unamplified t(6;11) renal cell carcinoma
(mean age 34 years). Second, their morphology is usually high grade and less typical than the biphasic
appearance of t(6;11) renal cell carcinoma (Figure 4). Third, melanogenic marker expression is less
reliable: while all cases have expressed Melan-A, roughly half of the cases express cathepsin K and
HMB45, usually positive in t(6;11) renal cell carcinoma. Fourth, TFEB amplified renal cell carcinomas
typically have a poor outcome while t(6;11) renal cell carcinomas are usually indolent. Of note, it has
been demonstrated that renal cell carcinomas showing TFEB amplification harbor concurrent vascular
endothelial growth factor A (VEGFA) gene amplification [52,55]. This is may be due to the proximity
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of those two genes, which are both located on the short arm of chromosome 6. With regard to the
treatment, Gupta et al. hypothesized the possible usefulness of VEGFR-targeted therapy in a few cases
of renal cell carcinomas with TFEB/VEGFA coamplification [52].
Figure 4. A high-grade renal cell carcinoma (A, Magnification: 50×; B, Magnification: 200×) expressing
Melan-A (Magnification: 400×) (C) and showing TFEB gene amplification by FISH (Magnification:
1000×) (D).
4. Comparison of Xp11 Translocation Renal Cell Carcinoma and t(6;11) Renal Cell Carcinoma
As illustrated in Table 1, Xp11 translocation renal cell carcinoma and t(6;11) renal cell carcinoma
differ in several ways. Xp11 translocation renal cell carcinoma seems to occur in patients younger
than t(6;11) renal cell carcinoma; with a slight female predominance and a more frequently aggressive
clinical course. Conversely to Xp11 translocation renal cell carcinoma, the immunohistochemical
analysis of t(6;11) renal cell carcinoma is more consistent, showing the overexpression of cathepsin K
and melanogenesis makers in almost all cases.
Table 1. Main differences between Xp11 translocation renal cell carcinoma and t(6;11) renal cell carcinoma.
Parameter Xp11 Translocation RCC t(6;11) RCC
Clinical
Age distribution peak: 20–29 years peak: 30–39 years
Gender F:M ratio, 1.6:1 F:M ratio, 0.75:1
Behavior aggressive in 47% of cases aggressive in 17% of cases
Morphology
features broad spectrum usually biphasic
Immunohistochemistry
Cathepsin K 47% positive 94% positive
Melan-A 39% positive 91% positive
HMB45 32% positive 83% positive
RCC: renal cell carcinoma; F: female; M: male.
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5. Conclusions
On the basis of their clinical, immunohistochemical, and molecular similarities, the last WHO
classification grouped Xp11 translocation renal cell carcinoma and t(6;11) renal cell carcinoma together
under the name “MiT family translocation renal cell carcinoma”. However, among them there are
few differences, mainly in morphology and clinical behavior. For those reasons, we suggest to keep
the distinction in the clinical practice. Overall, this review emphasizes that MiT family translocation
renal cell carcinoma is a distinctive entity and therefore stresses the importance of recognizing it as a
specific category of renal cell carcinoma to properly identify these cases in future clinical trials looking
for effective therapies.
Funding: This research received no external funding.
Conflicts of Interest: The authors declare no conflict of interest.
References
1. Argani, P. MiT family translocation renal cell carcinoma. Semin. Diagn. Pathol. 2015, 32, 103–113. [CrossRef]
[PubMed]
2. Xia, Q.Y.; Wang, X.T.; Ye, S.B.; Wang, X.; Li, R.; Shi, S.S.; Fang, R.; Zhang, R.S.; Ma, H.H.; Lu, Z.F.; et al.
Novel gene fusion of PRCC-MITF defines a new member of MiT family translocation renal cell carcinoma:
Clinicopathological analysis and detection of the gene fusion by RNA sequencing and FISH. Histopathology
2018, 72, 786–794. [CrossRef] [PubMed]
3. Xia, Q.Y.; Wang, X.T.; Zhan, X.M.; Tan, X.; Chen, H.; Liu, Y.; Shi, S.S.; Wang, X.; Wei, X.; Ye, S.B.; et al. Xp11
Translocation Renal Cell Carcinomas (RCCs) With RBM10-TFE3 Gene Fusion Demonstrating Melanotic
Features and Overlapping Morphology With t(6;11) RCC: Interest and Diagnostic Pitfall in Detecting a
Paracentric Inversion of TFE3. Am. J. Surg. Pathol. 2017, 41, 663–676. [CrossRef] [PubMed]
4. Xia, Q.Y.; Wang, Z.; Chen, N.; Gan, H.L.; Teng, X.D.; Shi, S.S.; Wang, X.; Wei, X.; Ye, S.B.; Li, R.; et al. Xp11.2
translocation renal cell carcinoma with NONO-TFE3 gene fusion: Morphology, prognosis, and potential
pitfall in detecting TFE3 gene rearrangement. Mod. Pathol. 2017, 30, 416–426. [CrossRef] [PubMed]
5. Wang, X.T.; Xia, Q.Y.; Ni, H.; Ye, S.B.; Li, R.; Wang, X.; Shi, S.S.; Zhou, X.J.; Rao, Q. SFPQ/PSF-TFE3 renal cell
carcinoma: A clinicopathologic study emphasizing extended morphology and reviewing the differences
between SFPQ-TFE3 RCC and the corresponding mesenchymal neoplasm despite an identical gene fusion.
Hum. Pathol. 2017, 63, 190–200. [CrossRef] [PubMed]
6. Antic, T.; Taxy, J.B.; Alikhan, M.; Segal, J. Melanotic Translocation Renal Cell Carcinoma With a Novel
ARID1B-TFE3 Gene Fusion. Am. J. Surg. Pathol. 2017, 41, 1576–1580. [CrossRef]
7. Argani, P.; Zhong, M.; Reuter, V.E.; Fallon, J.T.; Epstein, J.I.; Netto, G.J.; Antonescu, C.R. TFE3-Fusion
Variant Analysis Defines Specific Clinicopathologic Associations Among Xp11 Translocation Cancers. Am. J.
Surg. Pathol. 2016, 40, 723–737. [CrossRef] [PubMed]
8. Pivovarcikova, K.; Grossmann, P.; Alaghehbandan, R.; Sperga, M.; Michal, M.; Hes, O. TFE3-Fusion Variant
Analysis Defines Specific Clinicopathologic Associations Amog Xp11 Translocation Cancers. Am. J. Surg.
Pathol. 2017, 41, 138–140. [CrossRef]
9. Pei, J.; Cooper, H.; Flieder, D.B.; Talarchek, J.N.; Al-Saleem, T.; Uzzo, R.G.; Dulaimi, E.; Patchefsky, A.S.;
Testa, J.R.; Wei, S. NEAT1-TFE3 and KAT6A-TFE3 renal cell carcinomas, new members of MiT family
translocation renal cell carcinoma. Mod. Pathol. 2019. [CrossRef]
10. Wang, X.T.; Xia, Q.Y.; Ye, S.B.; Wang, X.; Li, R.; Fang, R.; Shi, S.S.; Zhang, R.S.; Tan, X.; Chen, J.Y.; et al.
RNA sequencing of Xp11 translocation-associated cancers reveals novel gene fusions and distinctive
clinicopathologic correlations. Mod. Pathol. 2018, 31, 1346–1360. [CrossRef]
11. Argani, P.; Antonescu, C.R.; Illei, P.B.; Lui, M.Y.; Timmons, C.F.; Newbury, R.; Reuter, V.E.; Garvin, A.J.;
Perez-Atayde, A.R.; Fletcher, J.A.; et al. Primary renal neoplasms with the ASPL-TFE3 gene fusion of alveolar
soft part sarcoma: A distinctive tumor entity previously included among renal cell carcinomas of children
and adolescents. Am. J. Pathol. 2001, 159, 179–192. [CrossRef]
Cancers 2019, 11, 1110 10 of 12
12. Sukov, W.R.; Hodge, J.C.; Lohse, C.M.; Leibovich, B.C.; Thompson, R.H.; Pearce, K.E.; Wiktor, A.E.;
Cheville, J.C. TFE3 rearrangements in adult renal cell carcinoma: Clinical and pathologic features with
outcome in a large series of consecutively treated patients. Am. J. Surg. Pathol. 2012, 36, 663–670. [CrossRef]
[PubMed]
13. Argani, P.; Lae, M.; Ballard, E.T.; Amin, M.; Manivel, C.; Hutchinson, B.; Reuter, V.E.; Ladanyi, M. Translocation
carcinomas of the kidney after chemotherapy in childhood. J. Clin. Oncol. 2006, 24, 1529–1534. [CrossRef]
[PubMed]
14. Hayes, M.; Peckova, K.; Martinek, P.; Hora, M.; Kalusova, K.; Straka, L.; Daum, O.; Kokoskova, B.; Rotterova, P.;
Pivovarcikova, K.; et al. Molecular-genetic analysis is essential for accurate classification of renal carcinoma
resembling Xp11.2 translocation carcinoma. Virchows Arch. 2015, 466, 313–322. [CrossRef] [PubMed]
15. Argani, P.; Hicks, J.; De Marzo, A.M.; Albadine, R.; Illei, P.B.; Ladanyi, M.; Reuter, V.E.; Netto, G.J. Xp11
translocation renal cell carcinoma (RCC): Extended immunohistochemical profile emphasizing novel RCC
markers. Am. J. Surg. Pathol. 2010, 34, 1295–1303. [CrossRef] [PubMed]
16. Martignoni, G.; Gobbo, S.; Camparo, P.; Brunelli, M.; Munari, E.; Segala, D.; Pea, M.; Bonetti, F.; Illei, P.B.;
Netto, G.J.; et al. Differential expression of cathepsin K in neoplasms harboring TFE3 gene fusions. Mod.
Pathol. 2011, 24, 1313–1319. [CrossRef] [PubMed]
17. Green, W.M.; Yonescu, R.; Morsberger, L.; Morris, K.; Netto, G.J.; Epstein, J.I.; Illei, P.B.; Allaf, M.; Ladanyi, M.;
Griffin, C.A.; et al. Utilization of a TFE3 break-apart FISH assay in a renal tumor consultation service. Am. J.
Surg. Pathol. 2013, 37, 1150–1163. [CrossRef]
18. Kim, S.H.; Choi, Y.; Jeong, H.Y.; Lee, K.; Chae, J.Y.; Moon, K.C. Usefulness of a break-apart FISH assay in the
diagnosis of Xp11.2 translocation renal cell carcinoma. Virchows Arch. 2011, 459, 299–306. [CrossRef]
19. Rao, Q.; Williamson, S.R.; Zhang, S.; Eble, J.N.; Grignon, D.J.; Wang, M.; Zhou, X.J.; Huang, W.; Tan, P.H.;
Maclennan, G.T.; et al. TFE3 break-apart FISH has a higher sensitivity for Xp11.2 translocation-associated
renal cell carcinoma compared with TFE3 or cathepsin K immunohistochemical staining alone: Expanding
the morphologic spectrum. Am. J. Surg. Pathol. 2013, 37, 804–815. [CrossRef]
20. Argani, P.; Zhang, L.; Reuter, V.E.; Tickoo, S.K.; Antonescu, C.R. RBM10-TFE3 Renal Cell Carcinoma:
A Potential Diagnostic Pitfall Due to Cryptic Intrachromosomal Xp11.2 Inversion Resulting in False-negative
TFE3 FISH. Am. J. Surg. Pathol. 2017, 41, 655–662. [CrossRef]
21. Kato, I.; Furuya, M.; Baba, M.; Kameda, Y.; Yasuda, M.; Nishimoto, K.; Oyama, M.; Yamasaki, T.; Ogawa, O.;
Niino, H.; et al. RBM10-TFE3 Renal Cell Carcinoma Characterized by Paracentric Inversion with Consistent
Closely Split Signals in Break-apart Fluorescence in situ Hybridization: Study of Ten Cases and a Literature
Review. Histopathology 2019. [CrossRef] [PubMed]
22. Chou, A.; Hes, O.; Turchini, J.; Trpkov, K.; Gill, A.J. Do significant TFE3 gene rearrangements occur in
succinate dehydrogenase-deficient renal cell carcinoma? Borderline FISH results should be interpreted with
caution. Mod. Pathol. 2017, 30, 1507–1508. [CrossRef] [PubMed]
23. Williamson, S.R.; Grignon, D.J.; Calio, A.; Stohr, B.A.; Eble, J.N.; Cheng, L. Reply to Chou et al. ‘Do significant
TFE3 gene rearrangements occur in succinate dehydrogenase deficient renal cell carcinoma? Borderline FISH
results should be interpreted with caution’. Mod. Pathol. 2017, 30, 1509–1511. [CrossRef] [PubMed]
24. Calio, A.; Grignon, D.J.; Stohr, B.A.; Williamson, S.R.; Eble, J.N.; Cheng, L. Renal cell carcinoma with TFE3
translocation and succinate dehydrogenase B mutation. Mod. Pathol. 2017, 30, 407–415. [CrossRef] [PubMed]
25. Parihar, A.; Tickoo, S.K.; Kumar, S.; Arora, V.K. Xp11 translocation renal cell carcinoma morphologically
mimicking clear cell-papillary renal cell carcinoma in an adult patient: Report of a case expanding the
morphologic spectrum of Xp11 translocation renal cell carcinomas. Int. J. Surg Pathol 2015, 23, 234–237.
[CrossRef] [PubMed]
26. Pan, C.C.; Sung, M.T.; Huang, H.Y.; Yeh, K.T. High chromosomal copy number alterations in Xp11
translocation renal cell carcinomas detected by array comparative genomic hybridization are associated with
aggressive behavior. Am. J. Surg. Pathol. 2013, 37, 1116–1119. [CrossRef] [PubMed]
27. Meyer, P.N.; Clark, J.I.; Flanigan, R.C.; Picken, M.M. Xp11.2 translocation renal cell carcinoma with very
aggressive course in five adults. Am. J. Surg. Pathol. 2007, 128, 70–79. [CrossRef]
28. Ellis, C.L.; Eble, J.N.; Subhawong, A.P.; Martignoni, G.; Zhong, M.; Ladanyi, M.; Epstein, J.I.; Netto, G.J.;
Argani, P. Clinical heterogeneity of Xp11 translocation renal cell carcinoma: Impact of fusion subtype, age,
and stage. Mod. Pathol. 2014, 27, 875–886. [CrossRef]
Cancers 2019, 11, 1110 11 of 12
29. Camparo, P.; Vasiliu, V.; Molinie, V.; Couturier, J.; Dykema, K.J.; Petillo, D.; Furge, K.A.; Comperat, E.M.;
Lae, M.; Bouvier, R.; et al. Renal translocation carcinomas: Clinicopathologic, immunohistochemical, and
gene expression profiling analysis of 31 cases with a review of the literature. Am. J. Surg. Pathol. 2008,
32, 656–670. [CrossRef]
30. Choueiri, T.K.; Lim, Z.D.; Hirsch, M.S.; Tamboli, P.; Jonasch, E.; McDermott, D.F.; Dal Cin, P.; Corn, P.;
Vaishampayan, U.; Heng, D.Y.; et al. Vascular endothelial growth factor-targeted therapy for the treatment of
adult metastatic Xp11.2 translocation renal cell carcinoma. Cancer 2010, 116, 5219–5225. [CrossRef]
31. Malouf, G.G.; Camparo, P.; Oudard, S.; Schleiermacher, G.; Theodore, C.; Rustine, A.; Dutcher, J.; Billemont, B.;
Rixe, O.; Bompas, E.; et al. Targeted agents in metastatic Xp11 translocation/TFE3 gene fusion renal cell
carcinoma (RCC): A report from the Juvenile RCC Network. Ann. Oncol. 2010, 21, 1834–1838. [CrossRef]
[PubMed]
32. Damayanti, N.P.; Budka, J.A.; Khella, H.W.Z.; Ferris, M.W.; Ku, S.Y.; Kauffman, E.; Wood, A.C.; Ahmed, K.;
Chintala, V.N.; Adelaiye-Ogala, R.; et al. Therapeutic Targeting of TFE3/IRS-1/PI3K/mTOR Axis in
Translocation Renal Cell Carcinoma. Clin. Cancer Res. 2018, 24, 5977–5989. [CrossRef] [PubMed]
33. Chang, K.; Qu, Y.; Dai, B.; Zhao, J.Y.; Gan, H.; Shi, G.; Zhu, Y.; Shen, Y.; Zhu, Y.; Zhang, H.; et al. PD-L1
expression in Xp11.2 translocation renal cell carcinoma: Indicator of tumor aggressiveness. Sci. Rep. 2017,
7, 2074. [CrossRef] [PubMed]
34. Tsuda, M.; Davis, I.J.; Argani, P.; Shukla, N.; McGill, G.G.; Nagai, M.; Saito, T.; Lae, M.; Fisher, D.E.;
Ladanyi, M. TFE3 fusions activate MET signaling by transcriptional up-regulation, defining another class of
tumors as candidates for therapeutic MET inhibition. Cancer Res. 2007, 67, 919–929. [CrossRef] [PubMed]
35. Choueiri, T.K.; Escudier, B.; Powles, T.; Tannir, N.M.; Mainwaring, P.N.; Rini, B.I.; Hammers, H.J.; Donskov, F.;
Roth, B.J.; Peltola, K.; et al. Cabozantinib versus everolimus in advanced renal cell carcinoma (METEOR):
Final results from a randomised, open-label, phase 3 trial. Lancet Oncol. 2016, 17, 917–927. [CrossRef]
36. Choueiri, T.K.; Halabi, S.; Sanford, B.L.; Hahn, O.; Michaelson, M.D.; Walsh, M.K.; Feldman, D.R.; Olencki, T.;
Picus, J.; Small, E.J.; et al. Cabozantinib Versus Sunitinib As Initial Targeted Therapy for Patients With
Metastatic Renal Cell Carcinoma of Poor or Intermediate Risk: The Alliance A031203 CABOSUN Trial.
J. Clin. Oncol. 2017, 35, 591–597. [CrossRef] [PubMed]
37. Martinez Chanza, N.; Xie, W.; Asim Bilen, M.; Dzimitrowicz, H.; Burkart, J.; Geynisman, D.M.;
Balakrishnan, A.; Bowman, I.A.; Jain, R.; Stadler, W.; et al. Cabozantinib in advanced non-clear-cell
renal cell carcinoma: A multicentre, retrospective, cohort study. Lancet Oncol. 2019. [CrossRef]
38. Malouf, G.G.; Su, X.; Yao, H.; Gao, J.; Xiong, L.; He, Q.; Comperat, E.; Couturier, J.; Molinie, V.; Escudier, B.;
et al. Next-generation sequencing of translocation renal cell carcinoma reveals novel RNA splicing partners
and frequent mutations of chromatin-remodeling genes. Clin. Cancer Res. 2014, 20, 4129–4140. [CrossRef]
39. Argani, P.; Hawkins, A.; Griffin, C.A.; Goldstein, J.D.; Haas, M.; Beckwith, J.B.; Mankinen, C.B.; Perlman, E.J.
A distinctive pediatric renal neoplasm characterized by epithelioid morphology, basement membrane
production, focal HMB45 immunoreactivity, and t(6;11) (p21.1;q12) chromosome translocation. Am. J. Pathol.
2001, 158, 2089–2096. [CrossRef]
40. Petersson, F.; Vanecek, T.; Michal, M.; Martignoni, G.; Brunelli, M.; Halbhuber, Z.; Spagnolo, D.; Kuroda, N.;
Yang, X.; Cabrero, I.A.; et al. A distinctive translocation carcinoma of the kidney; "rosette forming," t(6;11),
HMB45-positive renal tumor: A histomorphologic, immunohistochemical, ultrastructural, and molecular
genetic study of 4 cases. Hum. Pathol. 2012, 43, 726–736. [CrossRef]
41. Williamson, S.R.; Eble, J.N.; Palanisamy, N. Sclerosing TFEB-rearrangement renal cell carcinoma: A recurring
histologic pattern. Hum. Pathol. 2017, 62, 175–179. [CrossRef] [PubMed]
42. Calio, A.; Brunelli, M.; Segala, D.; Pedron, S.; Tardanico, R.; Remo, A.; Gobbo, S.; Meneghelli, E.; Doglioni, C.;
Hes, O.; et al. t(6;11) renal cell carcinoma: A study of seven cases including two with aggressive
behavior, and utility of CD68 (PG-M1) in the differential diagnosis with pure epithelioid PEComa/epithelioid
angiomyolipoma. Mod. Pathol. 2018, 31, 474–487. [CrossRef] [PubMed]
43. Martignoni, G.; Pea, M.; Gobbo, S.; Brunelli, M.; Bonetti, F.; Segala, D.; Pan, C.C.; Netto, G.; Doglioni, C.;
Hes, O.; et al. Cathepsin-K immunoreactivity distinguishes MiTF/TFE family renal translocation carcinomas
from other renal carcinomas. Mod. Pathol. 2009, 22, 1016–1022. [CrossRef] [PubMed]
44. Martignoni, G.; Bonetti, F.; Chilosi, M.; Brunelli, M.; Segala, D.; Amin, M.B.; Argani, P.; Eble, J.N.; Gobbo, S.;
Pea, M. Cathepsin K expression in the spectrum of perivascular epithelioid cell (PEC) lesions of the kidney.
Mod. Pathol. 2012, 25, 100–111. [CrossRef] [PubMed]
Cancers 2019, 11, 1110 12 of 12
45. Argani, P.; Lae, M.; Hutchinson, B.; Reuter, V.E.; Collins, M.H.; Perentesis, J.; Tomaszewski, J.E.; Brooks, J.S.;
Acs, G.; Bridge, J.A.; et al. Renal carcinomas with the t(6;11) (p21;q12): Clinicopathologic features and
demonstration of the specific alpha-TFEB gene fusion by immunohistochemistry, RT-PCR, and DNA PCR.
Am. J. Surg. Pathol. 2005, 29, 230–240. [CrossRef] [PubMed]
46. Argani, P.; Yonescu, R.; Morsberger, L.; Morris, K.; Netto, G.J.; Smith, N.; Gonzalez, N.; Illei, P.B.; Ladanyi, M.;
Griffin, C.A. Molecular confirmation of t(6;11) (p21;q12) renal cell carcinoma in archival paraffin-embedded
material using a break-apart TFEB FISH assay expands its clinicopathologic spectrum. Am. J. Surg. Pathol.
2012, 36, 1516–1526. [CrossRef]
47. Smith, N.E.; Illei, P.B.; Allaf, M.; Gonzalez, N.; Morris, K.; Hicks, J.; Demarzo, A.; Reuter, V.E.; Amin, M.B.;
Epstein, J.I.; et al. t(6;11) renal cell carcinoma (RCC): Expanded immunohistochemical profile emphasizing
novel RCC markers and report of 10 new genetically confirmed cases. Am. J. Surg. Pathol. 2014, 38, 604–614.
[CrossRef]
48. Rao, Q.; Zhang, X.M.; Tu, P.; Xia, Q.Y.; Shen, Q.; Zhou, X.J.; Shi, Q.L. Renal cell carcinomas with t(6;11)
(p21;q12) presenting with tubulocystic renal cell carcinoma-like features. Int. J. Clin. Exp. Pathol. 2013,
6, 1452–1457.
49. Peckova, K.; Vanecek, T.; Martinek, P.; Spagnolo, D.; Kuroda, N.; Brunelli, M.; Vranic, S.; Djuricic, S.;
Rotterova, P.; Daum, O.; et al. Aggressive and nonaggressive translocation t(6;11) renal cell carcinoma:
Comparative study of 6 cases and review of the literature. Ann. Diagn. Pathol 2014, 18, 351–357. [CrossRef]
50. Argani, P.; Reuter, V.E.; Zhang, L.; Sung, Y.S.; Ning, Y.; Epstein, J.I.; Netto, G.J.; Antonescu, C.R. TFEB-amplified
Renal Cell Carcinomas: An Aggressive Molecular Subset Demonstrating Variable Melanocytic Marker
Expression and Morphologic Heterogeneity. Am. J. Surg. Pathol. 2016, 40, 1484–1495. [CrossRef]
51. Williamson, S.R.; Grignon, D.J.; Cheng, L.; Favazza, L.; Gondim, D.D.; Carskadon, S.; Gupta, N.S.;
Chitale, D.A.; Kalyana-Sundaram, S.; Palanisamy, N. Renal Cell Carcinoma With Chromosome 6p
Amplification Including the TFEB Gene: A Novel Mechanism of Tumor Pathogenesis? Am. J. Surg. Pathol.
2016. [CrossRef] [PubMed]
52. Gupta, S.; Johnson, S.H.; Vasmatzis, G.; Porath, B.; Rustin, J.G.; Rao, P.; Costello, B.A.; Leibovich, B.C.;
Thompson, R.H.; Cheville, J.C.; et al. TFEB-VEGFA (6p21.1) co-amplified renal cell carcinoma: A distinct
entity with potential implications for clinical management. Mod. Pathol. 2017, 30, 998–1012. [CrossRef]
[PubMed]
53. Skala, S.L.; Xiao, H.; Udager, A.M.; Dhanasekaran, S.M.; Shukla, S.; Zhang, Y.; Landau, C.; Shao, L.;
Roulston, D.; Wang, L.; et al. Detection of 6 TFEB-amplified renal cell carcinomas and 25 renal cell carcinomas
with MITF translocations: Systematic morphologic analysis of 85 cases evaluated by clinical TFE3 and TFEB
FISH assays. Mod. Pathol. 2018, 31, 179–197. [CrossRef] [PubMed]
54. Mendel, L.; Ambrosetti, D.; Bodokh, Y.; Ngo-Mai, M.; Durand, M.; Simbsler-Michel, C.; Delhorbe, M.;
Amiel, J.; Pedeutour, F. Comprehensive study of three novel cases of TFEB-amplified renal cell carcinoma
and review of the literature: Evidence for a specific entity with poor outcome. Genes Chromosomes Cancer
2018, 57, 99–113. [CrossRef] [PubMed]
55. Calio, A.; Brunelli, M.; Segala, D.; Pedron, S.; Doglioni, C.; Argani, P.; Martignoni, G. VEGFA
amplification/increased gene copy number and VEGFA mRNA expression in renal cell carcinoma with TFEB
gene alterations. Mod. Pathol. 2019, 32, 258–268. [CrossRef] [PubMed]
© 2019 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).
